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FCREWORD

Thic is the third in 2 series ot reports preparcd vnder Contract
DA-49-146-X2-206 dealing with results and interpratation of the high-
altitude ruclear Adetonations an Oparation Fishbowl, Tightrope was
discusced in DASA 1638, Bluegil! in DASA 1645 2nd this report is con-

cerned with Starfish.,
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KDSTRACT

The c¢xperumcental aata obtained durinag the Starfish detonation are
discussed, with cisphasis on the phenomenology and cleciromagnetic
prox;‘agation. Various models of use for explaining the prencmena
observed during Starfish are considered. Models ¢re {formulated
which can be uscd O predict cifects of other detonations simflar to

Starfish in vield and aliutude,
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1.1 [urpas2 ot Report

he parpase of this report o5 10 summarize briefly the phenomenodlogy

S ) et ree e
-]

of the rucloar detanauon Starfinn 1o erdicle prediztiions 19 be maue regarsdng
the ciivsts of othor yvields and aluitudes in the Starfish range, Thic {s an -

analitoous aonl, swne Starthishas probaily the leagy endersion? o7 the five

i B rnes o aa.

soanmaititede Treorowl evaeals ., AGieat Goeal O s
urcortmn ¢r amhbiguous, We shall hawever atienpt 10 desClide some S1miple

~:iia and phencerenolduy wnich are of use (o5 conzsiacritag the Stariish eveat

D ERENY AR PR U

A see H they cin be extenZed 1n vicld ~nd aititegas, ‘\.y*
o f\\ ' !
AN
—- E :
A T I i

VL2 Suarnvey of Kepont
Hoonc! survey of thoreport 15 as {ollows:

Chopter 2 consicers the Starfich weapon atseli, 1its coanstttuents 3ad 1e=-entry

vehiele and the envaanment of ‘he event.,

B

shapter 3 oNImines the ¢nery output of the weapon and tne thaorcunsl

n S0 sl vt « b ot A PNt 4 ol e

bagis 191 thn estiiates,

5]

-~
~

Craprer 4 considurs the effceis of the energy ontput on the sarrcundlng ambient

atmosphuere (und tonns;hure) and the disturbance cieated by this enomgy cutpul,
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Chapter § consicers the carly stages of the Starfish event, the eproad of the

" derns, formatien of o macgnetic bubble, hydromagnetic shocks and waves

and other related phenomena.,

Chapter 6 considers the late time eifects of Starfish and the ultimate fate of
the debrls.

Crapter 7 ceonsiders the effect of Star{ish on radar and communications with
an eve tcward the effects on systems.

Chapiet 8 gives @ pricf survey i systcms effects and 3 summary of senclu-

sions rcached in the repoit.
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1.  Hencrick, Ro, et. ul., Sypegird Prenomana for Operation Tichbowl, D

(GE=RM 62 TNIP 30)
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Chiapier 2, DESCRITTION OF \WIAPON, CARRIER AND ENVIRONMENT 7*

In this chapter we constder the weight and constituent ¢characteristics

; of th2 weapon, the vweapon carrier and the burst eavironment,

o

.1 Detoils ot the Starfisk Wezpon
2.1.1 Jatrogucstion

W\ o shall consider in this section same of the perinent details of

-

CL o a e T sel mae st e st o f b Comelia)e g -~ -t - Do R P )
WNE Wil nd Sonostituents of ks Sarfioh o wvearon, Downle ol tho yazld aald

4
woeapon output wiall ke considzred in the neoxt chapier. We shall also consaider

the gabaent 2tmouspnare AL Sterlish altiiede.,

The detanle of the constituentes and weights of Staifich auffer Jepending

[p]

G OAWHIL ORC WECS a3 a telerenge source, 7Tine discrapancies are sl arnd
aro piohably umimporiant, L1ncd the phanomensiogy of Starlish 1s sulitciently
gncoentain o make these differences insigniticsat.,

Atrmical sct of values 1s that given by a DASA telegram oo file at

DASIAC conter at Santa Barpard:

- S Faye 2-2 DesTap
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Areport by [Lokke {1) on the theoretical (CORONET-code) calculations

ol the Starfish explosipn gives for some of the weigtts;

o
\3 v
QJKI)

Deleted

Table 2.2

Constutuents of Starfish {lokke LAL Calculation)

2-3
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The report of Cowan et al, () used the numbers {n Table 2.3 for a
code computation (in a spherical mock~up) of yield (HENRE code):
Sy
e
[\
o
Table 2.3
Starfish Constituents (HENRTE Calculation)
)
2-4 ' . A
!
A
4
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Trore ore rome s:imall discrepancies in these various values, but we may

take the compnsiticn of Starfish to be that given in Table 2.4,

VA"
@

Deletec

Table 2,4

Assumed starfisn Constituents
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Delc¢ice

Nusbers of Atoms in Starfish

-
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2.2 Courdiroien ana Seemelyy of Swihish

According to DASA-1478 (SR-19) (Ref. D7), Starfish occurred at 2200.090
iczsl time on € July 1902 (actcrding to the ST-FiiiG report (Ref. M3) the time
was 0900:00,2002.) Coordinates weie 16.475N and 150.37°F and an altitude

0f 402,79 k.

DEIe‘,pr’

2.2.2 Geemetry of Starfish

Since the phenaomena of Starfish took place over vast reaicns of tne

Pacif{ic, photographs taken hundrods of kilometess from the burst paint will

show strong etfects of the earth's curvature, For this reason we shail

consider the geometry of Starfish in various aspects:

{a) The projecticn of a portion of space on the local plare of a camers when the

curvaturc of the earth is 2ncd {s not taken Into account.

(b) The georrctry of the Pacific area including the curvature of the earth,
We are interested in these aspects of Starfish geometry, since it s !

necessary to nave an ided of the way the very large scale ¢eophysica!l ;
2-7 i
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phenomena of Starfish appear on photographs taken from vanous positicas.
Ccnsider Fig. 2.1, In the plane of the camera, ¢ , and the sh'o". point,
s ., we have as giv:n quantities, hs the altitude of the shc:, hcl.'. the
altitude of the camera, D the great-circle range of the ground zero point
of the shot to the camera and § the angle of elevation of the camera. Then

consideration of the geometry shows that (Ro = radius of eart!)

d = (Ro+ hc) sin (D/Ro)/cos(D/Ro-rﬁ) !

hH = altitude of horizon (trom 3+ «ra) over GZ = 1/2

Pl —— 0} "

2 _ /e : -

LP.O + (Dl ~hc + thRc) J R

h, = alttude Jf horizontzl lrnic fromcemera = (n_+ R )V/z0sD/R) - R
[o] e C W

o

(hs+Ro)cos (D/Ro) - (hc*Ro)

tan g = (h_*RJ)sin (D/K )

Applying this to the Maui-J.1, problesn, we have that D = 1472 km, hc =3 km

h, = 153 km; h, =113 kmand B~9,3°,

i H

Camarn Coordinates

Considcration of the geometry of Fig. 2.1 shows that in the coordinate
system XYZ centered on the camera, with Z axls pointed toward the detonaticn
point, Y axis parallel to the earth's surface, we have for the coordinates of

the point P
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. .
X =T sin &+ sin = ¢os & o= )

LCos B si ° c o COS { L.c)_
y=r [sins sln(v-oc)] N
z=d+r{cosBcose ~sinesing cos -]

~

c a & -sin® R R
cosGmcosfcost -8 sin o €98 ( oc)
- Here & is the angic petween SP and SC. The position of the point

xyz on the camera plate xc, Yo 15 grven by:

e oo ox
{ z
Yo _ ¥
{ FA

where {15 the focal length of the camera,

if the geometry of the burst area is cylindrically symmetric, v\}e can {ind
the image on the photographic plate of a herlzontel ring {r = const, 9 = const,
¢ =0 to2r), and this will in general turn out to be a distortec ellipse,

The horizon &3 secn from the camera coordinate system has the

coordinates

. / 2. -
Xy, = ZRchc+ hc (- cos B sin ﬁH cos nH sin B cos Ol)
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Fig. 2.1 Geometry of sStarfish
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sin .',‘l)

2, = RN+ N (-sin s slnﬁ*cos-ﬁ”cosﬂcoscl)

H

where v, s the azimuthal angle of the horizon as seen from thie vertical Xz pianc

throush the camera point, and is tho dip anglc of the horizon:

i

] = /
€Os Ro' (Ro + hc)

Tr.c horizon coordinates map onto the camera plate giving for the fmage of

tao horizon

-~
,

YoV - X 2 e \
e L =1 N (:m B+ T cos p‘) -(cos g - -4 sin 5)

wiich 1s 8 section of an eilipse,

Ca~.cra Ceoardinates for Flat Farmth . -

Censider Fip., 2.2. Wa have for the coordinates of the paint P (n

the camera coordinate system:

=t (siné& sing cos & + cos 0 cos p)

Y

y mrisin¢ sin 9)

md=~r{cospPsin?cost -singcos ).

(2]

LOCKNEED PALO ALTO RESTARCH LLATCRATORY
10Cemt i CHE R Y . PP act (O w® 4 6y
b Le0 e B0 V10w S d A et ard st (UL PaltiDw




Litsinating 1 we see that

X v
», =3 ==
< 2 yC 2

vhere {  is tho {ozzl length of the ¢amera, Wo see that lines of evlindrical

sveametiy arsvad the detnnsties roant (1w 0oen te) hassae allipesce in tha

camera planef d>>r . 4 15 comparableto r  we have for the oguanien

Intnc ¢camera plate ol o honiconial rins ot some angie 2 and radius ironn

the shot point

=+ 2 - 0’.—
“\’(s -3

The coordinates = , 2  are related to x

- Yo Ly a linear tranctermation,

. 2. r . R . . 1
| cos B sine {ein B +=cus"0 s1n 7)) = sin 8 385 2 (L + ¢oepi one ) i
-5 —

- -~

-
s sin"" costB J
i
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and the coellicients @ , ¥ , ¢ , and 8, eregtiven by comphicated functiens
of &« , B , and r/d . Ve sce that if the camera s sutficiently close to
the burst point, the image of a horfzontal ring !'s a cistonted eliipse instead -
of a regular one, with the amount of distortion proponttonal to /d .
The projections cf the fleld lines on the camera plate can be obtalned

by taking the field lincs as 2 simple dipole appreximatica
_ 2
h = R(Lcos"A=1)

Then from the geometry of Fig, 2.1 we sec that

)

slnz (%) = sin” (}3) + sm2 A - As) {eprorical tnianale)

where A Is the magne:ic lautude, and our ¢ocrcinate system {cllows the
magnetic coordinate system (As is the magnetic atitude bheneatn the shot

point); ard

ein (h/1) sin (\ - .\:1)

CosSQ = sy ¢ ST S RT

2 4

2 2 2 2
t B(hs+R) + R°L cosA-ZRL(h3+R)cos'Acas {a R

.
sinn « BLeod o (2)

gives the coordinates of tho line of force (as 8 furcticrn of X ) which passes

o puipendicular distance b away from the shot paint,
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From r , & , v asafunctichef XA , we candetermine xyz and
Moo Vo and get the prolection of the magnetic line o! force determined by b
and L on the photographic plate.

2.3 Tre Ambient Environment
The main characteristic of the Starfish environment 15 its extreme vari-
ability in density as a function of solar activity, hour of the day, ctc., This

varfability ts important for the purposes of scaling the resuits of Starfish to

other yields and altitudes at thase great heights. For this reason, above 200

ki or so Ue yield-altitude phencmenz m2p chonld be In terms rather cf yield-
density. Even this type of scaling may be oo crude for certain applicatices
since the way the density varies with altitude 15 a {funcuion of sclar activity

and local time.

2.3} Imbicnt Density

For altitudes abave about 120 km the solar sunspot activity and the

time of day are {mportant parameters in determining tha density., Thus

p=pfn,s,t])

-®
where h = he'ght , 5 = solar activity (measured in units of 10 22 watts/

me!cr2 - cycle-soc of the 10,7 ¢m solar flux) and t= local time. In

oeneral

p(minimum) = p {h , 70 , 0400)
p{maximum) = p (h , 250 , 1400}
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{stances From Ground Zero - oo LT T

].acation km
I 3 S
$-1 5§75 ' R
S-2 275 |
§-3 575
S-4 275
$-5 575
DANP 359
FT3 833
Oahu ' 1353
Palmyra 1438
Midway 15335
Xmas 2087
Canton 2156 ‘
YVake 2532

Dittance PFrom Southem Conjugate Point

Acanla 100 to 200 km ,
vest Samoa 300 '
Samoa 596 :
Tenga 527 |
Fiji 732
Rarotonga 1758
Table 2,6 Distances From Ground Zero and Southem Conjugate Point
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The Harrlis-Priester atmosohere (NASA T D-1444) can vary nearly two
crders of magnitude at 400 km, The Starfish event occurred near a solar
mini=um and at a 1ocal time not 120 {ar from lts minimum, and we may conclude
that the Starfish ambient density *was at the lower end of the density variation,

Tha variations can be very large for these high altitudes, for example
at 400 km we can have varjation of fro11 6 x 10'16 (g/cmz) at night, solar

~14

mtnimum, to 2 x 10 (q/cmz) at day, nolar maximum,

Varfous values for the density at 400 km are available:

1959 ARDC = 9.00 x 10™13 gr/ce

1966 USA-Standard = 6.50 x 10™%° gr/ce

Since at heights greater than 200 kxm the dfumal and sunspot cycle vartations
are i1mportant, we shall examine for example the values given by King-Hele
and Quinn (J. Atmos. and Terr, Physics 27, 197 (196S)). For the period
1962-64 (night) they give §,7 « 10"IG gr/cc as the density at 400 km, This
{3 less than the values above by an urder of magnitude, and is due to the
decreased solar activity from 1958~59,

A {1t to the values of the 1962/night densities (as given by King-Hcle

and Quinn) can be given &s '

p =p (200 km) (200/0)%3 (h> 50 km) :

where h s the hoight in km and p(200) = 1.7 x 107'3
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Ancther estimate of the ambient density at the time of the
Starfish burst can be obtained from the atmospheric propertics model of
Anderson and Francts (Lockheed Report 6-75-65-19), They glve values of

N and K as a function of altitude and local time, where

p =K sY

and S {s the solar activity index for the dato in question. Using the 1
”value tabulated for the date of Starfish (S = 45) we find for 2200 hours and : %
for other times the densities given in Table 2.7. For comparison wa also
give U.S. Standard 1962 Satellite Handbock Night-Mintmum, Harris=Priester ]
and CIRA values of the density, s

We shall assume that the Starfish ambient density {s given by the 2200 ' :

hours value:

LR

p = B.5x 10716 g/cc

- eadte o ..

The Harris-Priester Atmosphere (J. Geophys. Res. 68, 5891 (1961)) is also
given for comparison, as is the CIRA-1965 atmosphere for low solar'actwuy
and 2200 hours,

For estimation purposes we find that an approximate analytical estimate

of the density we have assumed for Starfish is given by

8.9
p = g,53b (%Q) h > 400 km

6.67
p =5,516 (5%‘3) 400 > h > 160 km 1

2-19

LOCKHEED PALO ALTO RESEARCH LABORATORY
LOCKMEED 81331108 & $PACE COMPANY
A CEOVS DivIDION OF LOCAuILO 4i10C0AN1 CONPOBIAIION

R S e e iems c e et e e cAELt e T RS e Aee et S —— s "

B R o Tl il



©
@
I
w0
o
<
3
1
O
"0

TN

fewnsy onkjeuy orewixolddy

(* o0 Aueh)
suocpedwod Ajsund ysijies
L' o1qel
gt 8T gr-59°8 cr-L€76 -~ 008
E-n ﬁ-ow.n ma-oo.m 11-097¢ wTSA 3-.34 00l .
. L] . - L . o
PSR O [T - A4 p-997¢ 11-00°8 3-8 5 gr-1"1 009 )
S-m 2-24 wﬂ-mm.ﬂ S-mm £ 1% .S-mn:h 0cs
c?w oﬁ-h:.w c.m.,.:.m wﬁaﬂ..a wans.m n.nuo”\..w oon
. . . - r
.a-A 2-2. 14 (7-8 S mH-mA 9 ¢r-2on ._Tmu £ 0ot
12 | 4-E8  |a-SE8 £ 16| gp2EE] 02
d43u0]4d 1epon 0d2e _ocet gH *vs yssn {=oi)u
STJIIe} . ys1Jj4ieis ‘uUTH
UOSI s 1

COmrancy

sPact

LI IR NN )
A OOV 017I0ION OF (OCINLAD AtsCBAIE COVPONstION

LOCKMEED PALO ALTO RESEARCH LABORATORY

LoCHniteo

i W AARA At o o



LMSC-B0U6988 1

This fit Is given in the eighth column of Table 2.7 to be compared with the .

density of the 2200 iocal ttme Starftsh atmosphere., As can be seen the

agreement 1s good enough so we cz2n use this stinple analytical {it for

Starfish analysis purposes,
Since the density at Starfish altitudes can vary so much as a function

of local time and sunspot activity, it is important for scaiing purposes to

have an expression for the density as & function of altituce, solar aciivity

‘.‘“‘M“u‘\ m

and local time,

2,2.2 Ambient Atmosphere Composition at Starfish Altitude

The rcsults of Anderson indicate the following approximate composi~

tinn for 400 xm (tor sonie time and sunspot activity):

c 298.0 x 10° / cc |
NZ 24,60 j
He 7.41 "
N 3.69

OZ 0.98

H 0.es "

p 4.7 x lo-lsg/cc

Table 2.8

Modeal Atmosphere Compoasftion

‘Thus atomic oxygen is the most important constitucnt at the burst point.
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. -1
\We normalize the compositicn above to our assumed density 01 8.5 x 10

and obtain for our model Statfish ambient compaosition:

o) 270 % 13° / cc
N, 22
He 7
N 6 -
o, P
H 1o

Total 307 x 105

Table 2.9

Assumed Starfish Ambtent Atmosghere Composition

2.4 Magnetic Fléld ' _

The magnetic fleld had a dip angle of about 28°} =t burst peoiut, The
maqhetlc field line through tha burst point intersected the magnetic cyquator
at an altitude of 9500 km (L-‘;.ls) .

For our purposes, we shall assume a simple dipole modul for the
magnetic f.eld of the earth for which

B = 0.315 —‘—3- Ji-3cos®A n

h
1+R
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20r sin A - e, cos A

!-‘——-,— L
& -

.4 = 3 cos “A : L=

al
"
[

where h = altitude . Ro = radius of earth and A = magnetic latitude.

The 2ip angle B s given by

o8 \
coz B = 7 = - , tan 8 = 2tan A

4= 3 casTA

o
\ \..\
\ R
S Deleted
S
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R Number of Photons Absorbed
k m per Atom
- 0.53 ' 5
0.59 4
0.68 3
0.84 2
1.2 1

Takle 4.1 Number of X-Ray Photons
Above the K-Edge Absorbed Per Atom
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(0,) [Nz] Te T, T,
{km) (em” 3L (em” 3) _(sec) (sec) (sec)
100 1,0242 8.00t? 2.17% 3.072 3,874
120 6.78'0 a.04!! 4.1} 6.4 7.573
140 5.68° 4,400 3.8° 40 6.872
160 9.47% 8,79° 1.9! 1! 317}
180 2.54° 2.70% 6.2 4! 1.1
200 9.0%7 1.07° 1.6 12 2.8°
240 1,737 2,488 6.7 3% 1.2}
300 2.045 3.327 4.43 38 7.9}

Table 4.2 Characteristic Timas for Electron
Cooling and O+ Charge Exchange
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Chapter 5. EARLY DZERIS MOTION PHENOMENOLOGY

5.1 Introduction
In this chapter we shall be concerned with the phenomenology of tha
early debris motion of Starfish, up to a few hundred milliseconds, when the
detris has reached distances of the crder of hundreds of kilometers away
cm the burst point. The state of icnization of the debris is considered
and (t is concluded that {t prob3bly rem3ins ionized during the early staces of
expansion. Consideration of cross-sections, ienization processes, etc, indicate
that the debris cannot appreciakly interact with the ambient atmosphere after
the first few kilometers of motion, The tenucus nature of the atmosphere at
Starfish altitudes prevents direct :nteraction of the debris with the ambient
atmesphere. The interaction which takes place i{s assumed to be i1ndirect, 1n
the form of 2 rhagnctxc pickup mechanism. The mechanism for this magnetic
pickup ts considered., Next the snowplow model is discussed, and the
combinstion snowplow-magnetic interaction is used for developing a detailed
snowplow model, which can be used for altitude-yield-time regimes other
than Starfish, Lastly the problem of the diffusion of the magnetic field
back into the debris regior is ¢considered, and a model is developed for the
effects on the conjugate region of a debris-hydromagnetic bubble. In formulsting
the model the possible effects of instabilities and turbulence are
neglected. These effects may well be of importance fo- detonations in the

Strrefish altitude range, but we shall presume that their importance is minor
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illiseconds, when the debrie is expanding rapidly.
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ionization electrons are presumably what §s measured, and one must have a

mechanism which will slow down the ions faster than the electrons, We

expect the opposite effect; the electrons to be slowed down faster than the
fons (neglecting charge separation),

Other items of experimental data regarding the size and movement of the
debris include the appearance of the bright spots {n the conjugate regions.
Since these are attributed to electrons and debris fcilowing the field lines to
the conjugate regions, they give an estimate of the size of the debris rogic,
The most s.iriking fact sbout the regions (s their large size, which irndicatcs
that the debris {s apparently mixed with the field lines out to the edae of the
magnetic bubbie which is presumably formed. This is plausible {f we have a
hydromagnetic shock situation, where the magnetic lines can enter the regian
where debris may be located., For example, charge exchange effects may
allow charged debris to be neutralized and then to move ahead of the debris/
field interface into the shocked reglon, where they may decay to produce
electrons to spiral along the field lines to the éonjugate regions. This model

will be discusced in section 5.4, and shown in Fig. 5.6.
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A tentative explanation for the differences in the size and movement of the

North and South beta patches is given oy Stubbs (Ref. 12) in terms of a

distorted magnetic bubkble,

The early auroral effects of Starfish are usually interpreted as beiny
due to earny amival of the electrons {rom the 1e3i0a around the detonation,
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Soe N Datied Starish Ll
ks section we shall consider a detatledd Starf{tsh model using the ——
VAriags concepts developed in the provious secuions, The model 1v basea on
- - (1) magnetic-induccd pickup of the 1ontzed atmosphere, both the amkient . =
cnssphiere and theienizanen caused by absorption of e initial radtatien
from the weapan: (2) the gradual pickup in a downwards direction of
armibien matenial due o the rapidly ancreasing density;  (3) increased
Totardina ~oanctic 1212+ whea the hedremagnetie shock situxtion pravatls
ottt the moanute Ocld eradurliv desreasing to ambrent as the veloenty of
et anain: G0 delreases telow e Allvdn spovd; (4) o density
~cdel for the atmosphore which ©an be vanied between solar-mininiuim, niaht-
tote, acd calar maniimum day=timwe eanditions, sinco these variations €an b2
vors ocrrtieant o contrslling the mstenr (8) Iacluston of welpon
avoeeciites 1n the X-rayv encroy output, temperature, velocity, and mass

dirtnitunans (we take the resulte of lewte (1) as curanput for the

Usimy thece tdeas we have devised 3 computer program {or the one-
dimensional snowplow :naacel, which can be applied to Starfish and to other
s1clas, dlutudes, eie, (ALussuming that the asymmetrics scale similarly o

tatne ealoulations of Lewve,) Detatls wiil L2 qiven below,

$.M,1 Yoonnity Noded
Siace the valaes and the bohiavior of the densitfos atove 120 km are
Lensitive functinng of the solar flux and the lecal time, we have used two

density madels olven by Toorer et al, (3) for conditions of might, low

o
L}
w
~
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' 5.8.12 ATvineetry NModel

J!

We have assumed the resuits of Lokke to hold, and have divided i
1na 2ssvmed  AXIsymMetirie weapen 1ntd seven angular intervals with respect

1o the onjle trom the vertical., These assumed values are shown ¢n Table §-1. E

|
L{H\

In &dditic~, for cemparisen purposes, w2 dlso have used a spherized Starhich,
vhose values 2ie also chown in Takle S-1.

I v on m o
.

Ty AR 2r2ter0 ANt eid Arsuitelivas 3¢ npnLn

o bmw
. aws

determining the extent and magnitude of the prejontzaticon of the ambient

atmosphoere which will Le preked op by thoe magnetic={icia pickup mechanicn.,
The debns mual velosity and nass/steradian distributions are of importance i

94 1aput €213 ter the snowolew madel, i

6.56,3 Geamotrieal Dotala and Magnaetie Tield

for completeness tha camputer program has included the clfects of .
a non-~{lat earth {in order to determine the doasity and magnettic deid strongths
as & funct:on of lozation). Fot the magnetic {ield, wo have assumed a simple
¢ ceadel for the earth's Licld, with the magrnetic latitude of the burst
p2it.s s an input parameter, The ortentaticn o the weopen wis with respest

to the vertical is also included 3s an input parameter,

5-58 ?1-; 5-59 ﬂruq\
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Tig. 5.8 Geometiy of Detatled Starfish Model
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E

ror Starnish, where the caiculations ¢f Liake tndicate that the fissien

. -0 .
dekrnis was cencentroted tn a dice ot LN 9.7, we would therefora cipedt L

cn the basts of the anzlysis abave a =ore uniiorm intensity at the coniuygale

region as a funcuion of  x una T than we wauld get if the fission debrnis
c

were untiormly distnbuted throushout the hydromnagnetic shock layer, Thace ]
cansiderations will hold orly 4s long as we can speak of a hvdromagnet:ic
shock region surrzunding the expanding debris, Oance the debrie velecliy

‘haz clowed down, the simple picture above will no longer hold. -

i

- - |

5.11 Sumray ;

Y wah GetONATTSd AL AUSH O hedl Satituls thLl L dntorenamisia ﬁ

mechaniem seoems o exist thot can slew deown the expanding shell ol ¢ubris.,
Thz chbocervation that the ceeris was in fact glowed dows @nd that 5 coowplow
model W an eopreciable {roction (baut 178 of the dekrnis baing piched up
coome 1o [t the dayta for the Hrst fovw hundred miiliseconds indicatas that 2
MCIHINIS A MUEt OFe13te 10 pich up the ambicat atmospinere, Tne most plazusible
source ¢f thie picrup mechanism is the magnetic hield,

»

Using tnis mechanism, combined with 2 self-consistent methed {or
ceonsldering the Interaciion between the debiis and the ambient atmosphcte,
leeds to a iredel winlch can be used {or describing the early debris motiea of

Starfizh, aud wnien can be useo for prodictizn for cther aititudes and dans.hies,

Saverdl cf these cascs which may be of future interest are considered in cetail,

6273 R,ﬂ S<74 » §-7¢
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Chapler . BUTA PATCHELS AND LATZ-TINIC DEFRIS DISTRIBUTION

(o Intitdustion

Deletec

The Letns are cwnted Ly the gecmagneic field, so the herizontsl cxtent
s ihinaereed Iaver ta determined by the extent of the debris distnibution trom
werach the betas are wmitted, 10 the debris 1e conflined o a cefintte volume,
the fontzed reqion will cover 3 correspendingly definite arca. This disg-hike
tenized laveras {reguently colled the beta patech or beta pancake., Those bltas
extted 00 the upward direction will foliew the field over the equater and make
another Loty patch in the oppositv hemusphere. The locatiens of the beta
patches are called the corjugate regiens,. 7o first anpieximution, neglecting
bLoth natural and bomb produced asymnctrics tn the maanctic ficid, the betwa
patches in the northern and southern conjugate tegions snculd Le identi cal,

The qeometty in the conjugate region nearest the detenauon potnt IS repre-

sestad sehematieally in Tig., 6.1,
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Cr o Gaiven 2ebnis distributizn, tne 1on1Zaticn 2n6 resuiting attenuatiiei

- — —aathan the baota patch can be eaiculated with a faar degree of certainty,

-olin Gl to the @ssumptions that the betds move independently ot aae an-ther
and lose en2rgy oaly Ly elementary interactions with alr atoms., Quastions
s 19 the accuracy of the ¢ lculations are raised by uncertatnties 1n the model
toclt, ancan Derdgion cnemistry, particularly under the perturbed conditions
to Lo expectea following a nucicar detonation. [or Starfish the cistribubion s
{ar from vecil koswn, and this ralses turiner questicns as to the applicability o!
tha sicele imcdel cuthined abave, In thas chapter the expenmiental data teanng
SoU e 1armaL s and exadteace S aas Lot patches ure exomined to dctoriuine

Ve oentor Uiy wnien tie sempie madel provides a descniptian ol the Starfisn

Nhoaseont, To ot thig, 1t s also necessary 1o Jiscuss the daty on late-
G debris asgtnibeuons,

-~

.0 s Patch Tormntton ain the Weonthem Conjucate Regien

Prnstsrraping 03t on tormatian of the Starfish beta patch in tne
nontharn contunate vogien CUCR) Rave Loen o mven by LASL (Reloh, &, 3, 4, ),
) and LGS (Ref, 7, 9, 9, 10,11, il). Photoaraphs were taken (rom the
awwatian 1slands and from 2ircrdft 1n tne nelahborpozd of the LNCR, Since
the aitituds of Leta penctration as beilow the hortron from liawan, alt dnee:
moitsraphne ovideace of the LOta deposition 1eqioa is proviced oy the miroiant
Pt

GG photographs were taken by cameras aboard two KC-135 aireralt,

AC 8314 uno AC S120, A/C 53144 was due magncetic north of e surat

at u horizantal distance of about 759 km, while A/C 53120 was magreuc east
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st a horizental ranae of about 359 o (Ref, 10). Tie LA3SL cameras were

3 : . “c B ey - o
abT53rd a KC=135 St about 1020 Fm hunizontat range from the burst and 15
cast of magnetic nerth (Ref, 2, 3). Fostilcn €3ty for the three aircraft at

chot time are given in Tadle 6.1 (Ref, 2, 3, 10), Also glven are the coordinates

" of the intersection vwith the 100 km alutude layer of the fleld line through the

burst peint a5 calculated from the Jensen-Caltn fleid model (Ref, 13). Tho
£am2 .afarmation is shown graphicatily in Fig. 6.2, together with the locotion:

cf{ < 2 d zero, Johneton Island, an3d French Frigate Shoals.

r36 - TCG LisL Conjuiale
ATOS3HE ST E3II0 KC-133 primtat lul s
An mae PR a~a Lt . ;
RS Lot Jocde « U o ?
Uity G AnT (6. 36% 165 4° ‘a s o°
ot 166 307V GG, 36 1€5.4 10850
Caant renne 23 3. PRSIV 303 (¢ leantn)
o baroy (nnl)
Jtatude () 1) 1205 120 Yo
. N .. o ‘s QY o
Cimera clevation . N 44.9 1K --
angle

.t -

Table v.,1l  Adrcraft Positions tn WCR at Shot Time

6.c.1 LALL Data
The LASL oircraft waes about 302 km {rom the conjugate region
At shot tine, Fhaiaagiaphs vere taken witn 3 Photosunicy caserd having a
sramirg rate of 300 per sec, and two Miwchell camnras with framing rates of
23 per rec, [ack and white fiims wero «rpoasced en the Phetosonics 1ad one
of the Mitchell comeras, and o color record was obtained with the cecond

Mll(.hf.“ .
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Prints of the first elght fran.es (~ 0-30 msec) and {rames 19 through /5
{~ 63-8] msece) of the Phctosonics film are chovm in Ref. 1. The first irame - ==

overexposed and shows no structure. Cn tne second frame a bright sgot

~~has appeared in the ncighborhood of the NCR. The spot appears 10 be 3 ray -

collirated along o direction consuiiient with the direction of the field projection

onto the piane of the phatograph (Ref, 2. 3). The ray extends to the baitom

cf the frame, and hence the excited region probably extends down to altiteaes

outsicde the ficld of vicw of the camera, This ts consistent with the statemant
of ilocrlin (Ref; 1) 1231 the stopping oliitudec for averoge fission betas are
Lolow the camera honron, The et ezitnste ol tha elttondn ~f the cainera
harizon ot the WCR 1s B8 vm, Lut this value 1s guestionsble because o1 uncet-
ta.ntes fn camera pointing antles (Wel. 14},

In subsequent {rames the 1unincus regiun 7 Aursra reor the Conjulate
point grows herizontally.

SUbater times the rate of
grovdth of the aurary dgecreazas, maimtaining good correlatien with the harieental
rate of orovith of the debris cloud, By ~ 28 meec the aurora extends bovead
the righit-hand cdge of the film, Dlrmensie~al data ol hoth LGG and LASL are

ba BN

shown in T1q, 0.5, Dodil fn tn2 UOR ef ~ 2030 ke at 240 msee (Aol ¢, 3) and

Qnaximum semewnat tess than 500 nm (Red, 8) have also Leen given by 2.mn, .
AL about 65 musec (frame 1Y) the PLotosunics {ilm shows the appanrince :
of a small bright spot ncar thie paint whare the onginal ray hirst 2epeared 1n ,
L

the sccond frame, This bright £pot 15 seen agatnst the snuch Jarger but less

el ) .

Pasg b-7 Delehd.

- ) o lama
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frtence lamincds ared to which the original spol has now qrown, Frem the

gl lion-d proicte atgs dafficult o tell ek obout the fehavior of the new spet.

.-

n{azt .t 1s not cbvidus from these prints thit the spat was not prosent prior

&

L

t m.(C and bocame apparent at that time only Lbecause of the decrease in

[&)

bickgrovi-@ intensity, On the basis ¢f inspecticn of the eniginal films, however,
Hserlin has stated (Ref. 2, 3) that the cew patch appears at 30-100 km, thatat
firet cxpands with little increase in brighit.ess, and that beginning at about

120 mscz there 1s a rap.d expansicn and @ very sharp increase in brightness of

Lo tincheli eymera lields of view exterded to lower altitudes, and
froluded sk atutede region in the NCR wnore maximuiny 2 encrgy 2op2eitien
oo evpasted, Theo franminy 1ute of 24 per sec correspongds 1o on fnterval of

22 mcec ketween frames. The shutler secter of 170° and the {raming rate

impiy 2n expssure Yme of abuat ¢ meec, Trus the frst frame could be a 7-72
MSTC ONPOSULE, 3 2o-4J mIes ¢xpOsure, of anything in between. An approximate
enio ure fortne Mitchell flnis has been established by camparison with the

hateasius

v

recnras (Let, 1€). Presumably the time labels given these phstos
(Ref. 2, 3, 5) are bascd on this comparison and refe: to the time at which the
shutter clnsed,

Taoe published Mitchell phetos comprise frames 1, 2, 4 and 6 of both the
colar and black and white films, All c¢f these show 8 lame luminous regicn
whose d:mensions increase with timeo. In frames one and two of bath reccrds
3 lumircus region which is somewhat sinaller And much less intense §s appatent
bencath the m3in scurce ¢f light, The bright spat which appeoared on the
Photosonics film at about £5 msaec {8 not visible tn any f theso prints .,

6-8
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Jovate nzmanal pooaics.
Trnotuizl aoble poweer nz a funcuion st ume Ras beon massured by

sttormetry Jhtnl o
Verethur vt the tee il 00 A CTudy GrapnlcaL 1ntenrs s

Cniryve riadt el Lhese dais prosunaniy wore cetdined o e Faotcsraics

-

v ot enrly Umer ans the Mtchell 3t Iater times, This power=ume curve
ciffers considerally from the results given earlter in fof, 2, .
stoatlhe Giner tte power ansreases with amo, sugIesUn: <ithet aa

incredoing fiws of pornizios prodectng the exsitansa ar zn 1ncretsing fledrescenc e

PO N - - ~ . e . - . Ly - - -4 L B Y - - ¥ 3.

Sihicren sy, T ratadr ST INSTedse 10 power 3itnr 120 msec s boileved to
~ - o mye . PR ia .. . . o f -~ - - -~ b

Loass oo i wntit w2 arnen: ol cernntirtaestius L nl zabns,

Delteted

TRACTCN GL DRI e L LS also chaeritd wnn ooy L rsns 2l
Privht ares cctinatea 1o he abios 0 wes nsrth o Uier~1 153t Shaals at
alat 100 nmalutuds, The caumated onset tme for this {ozstere waes 2-3 Lee

Ref. 1), s oli=sky eamora phots AL LY Lin ehidws & sagdrer oLove the
t~1"
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aaeratt at hish altitede, and atill other streamars appear at later times

6.2.2 LGG Datd

N photographs of the NCR from the eastermn A/C 53120 were
cbtained, uc the only useful NCR films of EGG were taken from the northern
1/C 5344 (Ref, 9). Published photes comprise several eurly frames {rom a
Tnotosonics 12D camera running at 360 {rames per sec and a Traid st 16
{rames per sec (Ref, 7, 10), An unidentified photo at 15 msec (probably
Join the Fhotesoales 1¢E) as shova In Ref, 8. Useful records were also
¢otained on e Rued Thevie (Taitchlid) comera diccussad inothe prazedin
section, The POR (. 10) indicates tnhat aurcral photographs were obtainced
an several cameras wiith framing rates of 16 per sec, and alse on & Photesonics
AC framing at 2509 peoi sec as well as several Robot cameras taking one frame
pcr second,

The earliest exposures published are those from the Fhotosonics 10B
camera (Film 93227, framing rate 360 per sec, exposure time 67 ysec), The
first frame of the resord is ldeno'.ed frame zero by EGG. It was _c_werexposed
and contairs no useful infermation for tho NCR., The next frame, frame 1, was
exposed at 4,1 msec. The expanding debris is clearly visible in this {rame,
but there s no detectable luminosity from the NCR (this eantradicts the pre-
liminary report In Ref, 7 that the "8 aurora” appeared In ail frames of this
serics, but was cropped out in preparing the enlargements for publication).

rame 2 (6.9 msec) shows the beginning of a3 lurninous 'patch in the fore-

ground at a position concistent with the intersection of tl.c burst-point field
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et tie 50=1%0 e altitude layer, Inhe next frame (9,06 msec) the

patch bae arown laro :r and the peoX intensity has increased (2ef, 10), (The
time latels of ting series were given as 1,4 wmsee later in Ref, 7. Presumabay
the diffcrence 1 labelling results from a more acceurate zero time determinauon
since the publication of R2{, 7.) In subscquent frames the patch continues

tc grow, w.hile the peak intensity varies only slightly,. By frame 8 (23.4 msec)
the image of the upper cdge of the patch has just reached the burst-peint
1mans on the [ilw, By frame 15 (~ 40 msac) the patch covers the entire plate
{(Ref, 17),

Tho gualitauve festures of the debris exparsion exhibited by tne CGG

fils trom Waung Lo dte siaalor to thone seen an tnhe LASL My files,

Deleted v
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o

sboequent 8GT curve (numbzr 200 Tig. 6,3) agrees rather well wath the
LASL curve, fun discrepaney between the two EGG curves has not been
explainea.

The end point of the initial aurora (¢ msuc) was obscrved at 21 ,6°n

~
103,05, The aurora extendad in altitude from 70 km to thie bottom of the
frame, which corrceponds to 3V iin, Thus the inttial altitude range was rom
< 50 kmto 72 km (Ref, 9, 11). The altitude ol maximum radiance was nitially

66 km, but tncreacsed rapidly with tiime, whilc the altitude of maximum penctration

varicd slowly (Ret. 11). The initf3) aurora was observed to expand syminctrically
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- T ogn the lattudinal direction about o hixed certet. A subscguent similar auroral

oy

Uvens ohaerved to cocur at a somawhat highar altitude b2ginning at about -
~N 4

eliog

Ao a
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time s snown in Figs, 6.5 and 6.6,

.

6.2.3 Analysis and Interpretation of NOR Optical Daota

The distarre fram the burst ooint tc the NCR was ~ 600 km,

-

Oty A WD Mo bt Sl d

The transit tine fof paruicles moviag ot the speed of light is 2 msec for this

\

Delay sl {1sston betas have ornergles In the MeV range, and hence

distanca,
travel ot vory nearly the speud of heht, I the betas are abie to leave the
butst reyicn without intzrference ard 1o reacn tiwe NCR without icsing mucn of

their energy, as the simple madel supposes. a beta aurora should be observed
to bogin at abeut 2 msea,

The beginning of an aurera 3t epprosimately the expected pesitinn
15 obrerved in the carliest vsable 1251 frame, the second {rame of the Photo-

Tric irame was exposed somewhere in the ? 7 msec interval,

SONLITH T COTa,
snd herce siiows that the onsel time was prior to 6.7 meew.  This 15 consistent
with tihe simple model, but dces not confirm it. The first usable frame in the
[GG Mheclosonles {tIn was exposed at 4.1 msac and shows no evidence of
fuminosity in the NC2, The next frame, 3t 6.9 msec, shows the beginnings

of a lum:iaous patzh. Thus it secms that the aurora first appeared between 4,1

St et i KA 0 1 I 203 o S s w2t s, B et it B e . i e 61

and 6.7 mcce, ard not at 2 msec as direct mction of relativistic betas would

lead one to expect,

| Rges L-15 v4-14
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J0I¢ the aurard shows an covices coaciaticn with the guavnetee
Dol LoGe LASH and BSG photog, at rmuat Bave Doon cauced By ¢haigld

pori e wRIeh e goded Dy the S0 hies,
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f these hypotneaes seem untenzole in
Voo Slthe comatouan 2l the dimeasicne of thn Yight zzarca with those ot the

axtric sloud, (e vanaten of asible o with ame, ote, T2 conznlusion

tletie nerrerdnblo thnt tha () norsrs wzn procuce 1 by betes, bot nas e
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POtSe Aol tnes 1y 2L suppinied bthe visihte rodionsy
The taal rate ol ety weniss on by fliooien troginent, 15 essentially aoncint
curang e firet cecond atter Disnien (Fef, 15, [{ bzoas move reely 1o the
sonjuzte rogion and lose ther anercy by clementary fnteractions with single
Alems, nreductng visibie light watn o fixed {luorescencz etficiency, then duing
the firs. sccone the vicinlz nover from B stimulation chould be constant.
while the rodiance should dosrease as the volume of the luminous retien,
which in ta= sasuld wary as the square of the honicental radic:,

Neaither the pewar me3dsured by LASL ner the radianse measured by

TGC bahaves in the predisad manner, ’ \;‘.\3‘
R

6=-17
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€.3 Eeta Fatch Formaticon in the Sourhern Conjujate Reglci
Photegraphic data were alse obtained by EGG In the scuthern conjugate

region Ref, (7, 9, 10, 11, 12, 11). Camera sites were located on Samoa and

Tongaidpu. The festest framing rate of any of the cameras was 100 cer sec.

Cbservations were hampered somewhat by cloud cover, By triangulation {rom

L 0 b 0N W (e she LA 4 ol e

these two sites the iower end of the end of the initial aurora was found to be 3‘
ot 17.2205, 175,55, The Jensen~-Cain projection of this point gives an j
altitude ¢f 305 km over Tohnston Islard. A map of the SCR ta shown in g
Fig. 6.8, i
f\uf\
e
N

.
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Fig. 6.8 Map of the Southern Conjugate Region ;

6-27

LOCKIHEFRD PALO ALTO RESTARCH LABORATONY
L Lol MI3300 8 b 3PAaCL LDt ANy
a4 Liouf CreryrOm OF JOUENMIID & 02t R Y KR NN

et -t

L M g e TP t . .
[LUPUAIC ISR WSS T SIOv W R0 W S IPOIPL WY PGS W& P T A SR TR e




LMSC-BIU6E8

Deleted

While the curves are stmllar, a larger traction
of the lighi appears to coms from higher altitudes thanthe B deposition

curve would indicate.
Measurements of the growth of the aurora, both in latitude and longitude,
were also mzde from the films (Ref, 14). The latitudinal expanston of the initial

(8) aurora was symmetric, with an initial expansion velocity of about
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In summar, , the behavicr of the curcra o0 the SC2 scems 1o have conformed
to theoretice! expectitione more closely thoa the NCR aurora, Thie lends
some suppart to the hvpoethesis that the hetas behaved as oxpected 1n the
norch, bat that fiterpretotion of the northern data §s confuced by tha arrival
of ueknis so scon after the g onset,
5\\,‘\
f ~,
-
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1o magnetic piston which szooped & large fraction of
the amb.ent air apncars to have formed {or these patticles initialiy moving

parallel to tha f{ield,
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The dimeneions of what cre essumed to be beta patches coirelate well
with mzasurcd dimensions of the expanding debris, This appeare to indicate
either that deris (in particular, the {ission fragments) crossed Lield lines,
or if @ megneun piston was formed, that the debris was well mixed with the
field 1a the piston, The dimensiorne of the southem beta paten were smaller
than those of the nerthern patch, 71lis is probably a result of asymmetries of

the magnetic bubble, as suggested by Murphy et al. (Refl., 195},

.4 Delaynd Neutron Measurements in the SCR

Diclavcd nzutrons were measwead as part 6f Troject 6,5R hy ¢nuenters
sbourd wwo boileass, Biv 7 and biub, at about 30 hoy sitituze, T-stinnn of one
two halloonc #t chot time are shown in Fig., 6.8, Thoe measurcnents and their
wterpretatic: have boeen ciscussed by the [1TRL eroun of Stinchcomb ¢
(Ref, 26, 249) . Interprotation of tne data 1z hamperad by uncentaintics in
calibroticn 2% the gourters, both absolute calibrations and the relzuve
calibratic: o1 the two counters,

In spite of the cabibration uncontainties, the data leave no doubht that
dclayed neuirons were counted in sizcable numbers, a2ad hence that a con-
siderabls anount of fisston debris was transported to the SCR., 1a an atten:pt
to accuunt for the relauve counting rates observed at the two stations,
Stinchoounb et al, have done on apprakimate nea 20 tréanspart caiculaticn
froma puiat source o . - rons. Beoaure of the rather.iarge distarce between
the t. 2 balloons, they find that the relative sounting rate cannot be {it with

a point source unless il 1s above 2090 1m,
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The most favorable location of the p-int source requires >f the
“hiscion fragments for consistency with their best estimate of absolute
counting rates, A point source in the neighborhood of the region of maximum
y counting rate found by D'Arcy (Ref. 30) requires an altitude of 250 km and
of the debris for cons!stency with the neutron counter data.
The neutron data have also beern analyzed by Hamlin et al. (Ref, 13).
In this analysis an extended source wass considered, and neu‘ron fluxes at the

counters estimated by & multiple scaitering calculation.

\'
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€.5 Delaved 3 -Ray NMeesurement in the SCR

Mzasurements of y-ray intensities in several different energy channels
were made with equipment abosrd the Project 6.10 KC-135 flying from the
Fiji J<lands. The flight pattern of this aircraft 1s indicated in Fig. 6.8,
hnalyses of these data have been published by D'Arcy and Colgate (Ref. 30)

and by Nanley and Carpenter (Rel. 31, 32).

\‘ 3 \
AN
\\\ =
Deleted
The debris distribution given by D'Arcy and Colgate scems highly
questionable, since the entire atreraft fliglhit path lay west of the magnetic
mer:dian, Estimates of debris dens. y were based on a simple attenuation
caleulation, although photons reaching the countcer after one or more scatters
nrobably mide a sianificant contribution to the ccunting rate,
R
'R s :
2
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&
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The n0st rocent analysis, and the definitive one, is that of Johnson
(fef, 27). In his 2nalysis, Johnscon attempted to correct fer synchrotron
noice, L and F recron ebeorition, and anteana patterns. He found a minimun
of uncaitainty in the Starfish data at 10 min, By compzring the observed ;
attenustion viath predictions of the WEPH 111 code, it was possible 10 infer ?
5 arecal debris density over the various riomeatar statinnce . ';;;f\ ?
' Qa} é
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6.8 Summary arnd Conclusicns
Therc is no reason, either theoretical or oxperimental, to doubt that

betas followed the magnetic ficld to the conjugate regions, and many reasons
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to Lelieve they did, The LASL photographs do give some indication that
tha hatas deposited their energy at anorr{alomly high altitedes 1in the NCR.
Interpretation of these photographs is rather di:fficult, however, because
of the near-simultaneous arrival of the debris and the relatively slow framing
rate of the camera with which the photographs were taken, The EGG photos
offer some substantiation of the LASL data, but they also are inconclusive
because of the unfavorabla line of sight of the camera relative to the fleld
lines.

Arrival of betas and debris in the SCR were further separated in time.
The ZGG photos in the SCR indicate a behavior of the betas more nearly in
agreemzat wiith theorcdcal expectations, Moere cemzlete densitometry of the

SCR iilms to provide total visible power versus time would be desirable,
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]t 15 hard te reconcile these facte with statemoents te the effect that

¢ much less than expected, since the expectations

—
.
[
o
-
g8}
[¢]
~
[
m
-1

thz bhlacho:
ware presumakly based on the pancake model which assumed spherical expansion
and 12C kri deprsiticn, The basis {2r such statements was probably the
reiatively snall attenuation over Johnston Island as meccsured by the Project
6.7 anc Sandia rockets {sec Chapter 7), and the lack of obvious evidencs
fer the large effects in the conjugate regions,

It is ui.lortunzate that no radio propagation measurements other than
riometer measurements were made through the conjugate regions. There §s a
hint of large cffects on the tvwo nerthern Project 6,7 rockets, but they were
near the erds of their trajectories and the data are hard to interpret. In spite

of the lack of cdirect evidence.
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Chapter 7. EFFECTS ON ELECTROMAGNETIC PROPAGATION

7. Introduction

The problem of analyzing the Starfish radar resulss is a difficult
one because of the lack of reliabie models for calculation of the various
effccts and because of the limited data. For low altitudes the formaticon and
grovith of the firetall are reascnably well understood, and ¢stimates can be
m3ade of the degree of 1oni2ation and the resulting radar attenuation, Because
af the higk sltiteds of the Stariish event, such invdeis are not available, and
the analycis (and ecpecially the predictions) must be regarded with some
ckaepticicm.,

A major difliculty ¢s that details of electromagnetic propagaticn and
absorption are sirongly dependent on electron density and average electron
velocities (electron temperatures, where such can be meanirgfully defined)
for altitudes above about 20C km. Because of the low ambient air density i
this reqion, prompt therﬁsallzatior. of the electrons cannot be assumed, and
rather high average electron energies may persist for a considerable time efter
the elestrons were produced. Collisions beiween electrons and ions are the
dominant process In detenndning the collision {requency to be used in attenua-
tion calculations. The electron-ion collision frequency varies with electron
temperature ‘1‘e as 'I‘e-a/2 , SO uncertainties in electron tempcrature cv
energy ¢an produce large uncertainties {in attenuation calculations. The

dttenustion ts also proportional to the square of the electron density Ne '
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Tather (han the first power as at low altitudes, s¢ uncertainties in ]gc
lcad to correspondingly larger uncertainties in attenuation.

In the following pages, several categories of radar effects will be
discussed:

(a) Absorption in the ionized region produced by Starfish., Since
inz detonation cecurred at such a high altitude this region extends over 2
very wide area.,

{b) The bhack-scatter of radar energy {ciutter). The main nechanism

"

seuams to Lo J3riations in clectron density, in particular inhiomogene:ties
aliznad vath thoe maznenc field,

(c) Refraction ef{ects dua to the presencz ¢f toniced regions,

(1) Scintiilation and jitter due to spatial fluctuationg in the elecuon
density .

(<) The producticn cf extraneous signals \which arc detectablo by
the tads! system, i.e. noise., Dntails of the radar recelver, antenna ard
scurco-target geometry are necded ior analysis cf noise effects. Two scurczs
of noite are of potential importance for radar systems: (1) syncnrotron
radiation of high-energy electrons in the earth's magnetic {icla, {2) thermal
noise from ho! {ireball-debris regions.

tn addition to the radar uata whaich can be attrikuted 1o fonizdtian
caused Ly the Starfish weapon itself, there is also evidenca {or ragar echozls
due to the hooster debris . A survey of these unusual radar echoss {5 @ivan
in Ref, 13, In consideratiun of eficcts of a Starfish-like burst on a cadar svstem

the presence of these echoes should be noted.)
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Radar Attenuaticn
Ixperimental information reinting to absorpuon at radar frequencies o s
15 provided oy rediometer data (Project 7.2) &na rocket telemetry from the

‘Sandia rockets aud the five rockets of the Proiect €.7 debris expansion o T

experiment.

7.2.1 Sandia Rocket Dsta

Information on the Sandid rockets is coatained tn the Preject 32 PCIR
(Ref. 1 ), Five rockers were !n the airin the nelghbornosd of Jehnston Island
ot shot tire. Of thesz, three were transmitting signzls at abcut 250 Mc. Al

R e e - . .- . - ~Yaie,- \ .
PUIRELE Wil Te Withine 10 anZ hens2 C‘.‘Ef‘:‘.f: mYseeodn FL‘D\-‘)'{.

sco ofiapeuos, InL hen o
~he telemetry record of one of tha rockels (S]1-153) is shown 1n Mg, 7.1, The
estimaied altitvde of this rocket at shot time was 170 km {alse gtven 3s aboul

150 km) and it was eimost cueeily holew the burst,
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fig. 7.1 Sandia Telemetry Signal Strength Record
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These extremely large electron densities and attenuations are not
cbserved, and thercfore a large portion of the downward kinetic energy is
not converted {nte lonization. There{rre a more reasonable estimate for the
absorptior of radar i{s given by using our first model: distributing the
magnetic bubble energy uniformly to give an electron density.

The major radar systems effect for Starfish may occur at the conjugate
region where the betas act to preduce lontzation and not in the'vlcmlty of
the detonation itself. Another effect is that of hard ulira-violet absorption

1n the upper L-region where fonlzation effects may persict for long times.,

rmey e
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7.8 Comnmunications Effects

Deleted {'\-\.\\."

The measurements of the perturbation of VLF links following Star{ish
indicate that prompt neutron decay effects can affect the propagation over
paths at distances of thousands of kilometers from the event, There was
also evidence for drifting debrls eftects. The {nitial stages of disturbance
on paths to J.1. can be attributed to tontzatlon from prompt ¥ and X-rays.
(Ref. 1v, 11.) Another effect of importance ts the neutron-decay inducea
perturbaticn of VLT signal paths, Ref, (11) glves a discussion of the effects

of the neutron decays on VLF signals.

Deleted

Communications effects of Starfish and similar typ2e bursts can be

L

large and very significant. The exact prediction of the effects is difficult

Pl

and depends on the type of communications network being considered, and

the availlability of altemate communication paths.
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7.€ Summary
High altitude bursts such as Starfish can probably considerably
cdegrade the performance of presently contemplated radar systems, An

analysis of these effects has been glven in Ref, 18,

The phenomenology and the data for bursts in the Starfish altitude
ragime are sufficiently uncertatn that 1t segins difticult at the present time
to make any definitive statements as to the system effects of Starfish and
rclated bursts on VHF radar systems. It is possible that for Starf{ish we were
just at the edge of producing strong cffects in the VI{F region. All the rough
estimates that we have given for Star{ish electron densities indlcate large enough
values so that VHF effecs may well be {moortant, and thcir seuniny absence

in Starfish an accident of the data for this particular event,
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Chapter 8. CONCLUSIONS AND SUMMARY
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For these reasons an
analysis of the effects cf Starrish~lixe bursts on radar systems is of great
importance,

In passing it may be noted that Starfish is probably an atypical even:
as far as an ABM system is conccrned., The yield was lower ana the ailtitude
was higher than might be expected in a typical ABM defense situation., Thus
conclusions reacred about radar effects from Starfich may not be of direct
relevance to the actual ABM situation and corresponding care must be taken

in drawing ABM conclusions frcm the Starfish data,

L
B I L

LOCKHEED PALO ALTO RESEARCH LABORATORY
R LOCam 100 M1 LS & 3PAa(l COwPANY
& %30vu? B1vILiIQN OF 1O(ANEED 1000ttt COVPID00110w

e

P e

- . .



LMSC-BO0EI8S

8.1 Sys.cms Effects . ‘

6§.1.1 Introductioa
The major question in analysis of the sys.ems effects of Starfish,

is one of debris location. The effect of a Starfish-like burct on a lang range

high-altituae detense system ¢ R TR
ete N
De‘ " is very important in (e
determining the f2asthility of such a system. rtor this reason the analysts ‘

of Dele ted results is of Importance. If we can determine a reliable

inodel fcr the debris spread and the extent of ‘h°Deleted .. dar effects,

then we may have a useful tool in analysis N
Deleted (v
In partic.ular {t 1s important to find out if one can set up a reliable
model for estimatus of the time of the radar blackout: if this ti- 2 s short,
thon the distent, high-altitude intercept system may be a useful concept
from the defensive peint of view,
N \~\“1\
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An unresolved unceriainty is the effect of multf~bursts: the
‘environment will presumably be very different for bursts of the Starfish-type

after one or a series of bursts, This question we do not attempt to answer.

B.J Summary

Starfish was an event unusual in the great variety and extent of the
phenomena which developed. We have been concemed 1n this repert with a
survey of some of the gchenomena which characterized Starfish, with a view
towards developing an understanding of the mechanisms involved, so that it

would be possible to make some estimates for other vields and ambient

conditions {n the same altitude regime., Major regions of uncertainty are the
values of the electron density which result and the distribution of electrons
in space, The snowplow model developed here can give some estimate of the
possible extent of the debrls expansion, but the step from debrx§ extent to
electron Jdensities Is not clear, A very crude estimate may be had by distri-
buting the kinetic yield throughout the debris-magnetic bubble and assuming
all this energy goes to creating electruns.

In conclusion, Starfish-like bursts may effectively degrade VHF

o b — o —

systems.
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